Abstract: Monoazacryptand [20.18.18] (1), monoaza-15-crown-5 (2a), and monoaza-18-crown-6 (2b) with a partially fl uorinated sidearm were newly prepared and their transport abilities were estimated in a supported liquid membrane containing a mixture of 2-(perfl uorohexyl) ethyl alcohol and 2-(perfl uorooctyl) ethyl alcohol. In competitive passive transport of K + , Na + , and Li + under neutral conditions, the K + selectivity increased in the order: ionophore 2a<ionophore 2b<ionophore 1; whereas, the transport velocity increased in the order: ionophore 2a<ionophore 1<ionophore 2b. On the other hand, only ionophore 1 successfully transported K + in the transport from the neutral source phase to the acidic receiving phase. This result was reasonably explained by considering the excellent K + complexing ability of monoazacryptand (1) in comparison with that of monoazacrown ethers (2a and 2b).
INTRODUCTION
Much attention has been devoted to the characteristic complexation properties of crown ethers and the related analogous compounds toward a variety of cations [1] [2] [3] [4] [5] [6] [7] . A lot of methods to evaluate the complexation properties of host molecules toward guest cations have been developed in the field of supramolecular chemistry 5 . Liquid membrane transport of metal cations is an important one of such evaluation methods and is also one of the effective separation techniques for metal cations 8, 9 . In a bulk liquid membrane transport system, 18-crown-6 was found to be a selective ionophore toward K + based on the size fi tness of the cation and the crown ring 10, 11 . Monoaza-18-crown-6 12, 13 , 15-crown-5 12, 13 and 12-crown-4 14 ethers can selectively transport K + , Na + , and Li + , respectively. Compared with a bulk liquid membrane, a supported liquid membrane is considered to be more practical; whereas, the stability of the membrane must become a serious problem because of the much smaller volume ratio of organic membrane to aqueous phase 15 . From this standpoint, we examined some solvents suitable for a supported liquid membrane transport and found that a mixture of 2-perfl uorohexyl ethanol and 2-perfluorooctyl ethanol was an efficient solvent monoaza-18-crown-6 derivative having a 2-perfl uorohexyl ethyl group as the substituent was used as the selective carrier for K + . Recently, a lipophilic monoazacryptand consisting of two 18-crown-6 rings and one 20-crwon-6 ring was found to show an excellent K + selectivity superior to the corresponding monoaza-18-crown-6 in a bulk liquid membrane transport 17 . In this paper, we describe preparation and transport ability of a lipophilic monoazacryptand 20.18.18 derivative containing a 2-perfluorooctyl ethyl substituent in a supported membrane transport system in comparison with the corresponding monoaza-18-crown-6 and 15-crown-5 ethers.
EXPERIMENTAL

General
1 H NMR spectra at 300 MHz and 13 C-NMR spectra at 75
MHz were recorded with a Varian Mercury NMR Spectrometer using tetramethylsilane as an internal standard. The mass spectra were measured with a JEOL JMS-DX-303 mass spectrometer. 
Preparation of supported liquid membrane
A supported liquid membrane was prepared by impregnation of a membrane filter Toyo Roshi Co. Ltd.; PTFE Type PT-20; diameter, 25 mm; pore size, 0.2 μm; pore ratio, 77 ; thickness, 80 μm with a chloroform solution 1 mL of 2-perfl uorohexyl ethyl alcohol 70 mg , 2-perfl uorooctyl ethyl alcohol 30 mg , and ionophore 3.0 10 -5 mol .
The membrane fi lter was then air-dried at room temperature and used as the supported membrane. The amount of organic compounds adsorbed on the membrane fi lter was about 50 in every case.
Liquid membrane transport
The transport experiments were carried out in a U-type system as shown in Fig. 1 at 25 . The impregnated fi lter was held by a pair of silicon rubber rings with a hole 18 mm across . Both aqueous phases were magnetically stirred at 600 rpm. The transport conditions are summarized in the footnote of Table 1 . Samples 1 mL of both aqueous phases were periodically removed after 4, 20, and 24 h and the metal ion concentrations were determined by using a Shimadzu AA-6800 atomic absorption spectrophotometer. The concentration in the receiving phase was found to almost linearly increase with the passage of time at least before 24 h. Each experiment was repeated at least three times and the results are reported as the average of the three determinations. 
RESULTS AND DISCUSSION
A lipophilic monoazacryptand 20.18.18 1 with a partially fl uorinated alkyl group was prepared by the reaction of N-unsubstituted monoazacryptand 20.18.18 with 2-perfluorooctyl ethyl tosylate in the presence of sodium carbonate as the base at 100 in 49 yield. According to the same procedure, the corresponding monoaza-15-crown-5 2a and 18-crown-6 2b ethers were prepared in 60 and 36 yields, respectively. All structures were ascertained by 1 H NMR, 13 C NMR, mass spectrometry and elemental analysis.
Transport experiments were carried out at 25 in a U-type cell 20 as shown in Fig. 1 . In order to evaluate the transport ability of monoazacryptand 20.18.18 1 , monoaza-15-crown-5 2a and monoaza-18-crown-6 2b ethers were used as the carrier for comparison. The results of the competitive transport of Li + , Na + , and K + are summarized in Table 1 .
Izatt et al. reported that the transport velocity of K + varied over almost eight orders of magnitude according to the kind of anion present in a bulk liquid membrane transport using chloroform and dibenzo-18-crown-6 as the membrane and the ionophore, respectively 21 . For example, the transport velocity of K + with NO 3 -as the counter anion was about 10 times and 100 times of those with Br -and Cl -, respectively. On the basis of their fi ndings, the lipophilicity of the complex of the ionophore with the metal salt is considered to play an important role for uptake of the cation from the aqueous phase to the organic phase. But the difference in the kind of anions Cl -, Br -, and NO 3 -was found to have little effect on the transport velocity in this supported membrane transport. That is, transport velocities of K + were about the same in the case of using ionophore 1 Run No. 1-3 and were within two times in the case of using ionophores 2a Run No. 6 and 7 and 2b Run No. 9-11 . The K + selectivity increases in the order: ionophore 2a < ionophore 2b < ionophore 1; whereas, the transport velocity increases in the order: ionophore 2a < ionophore 1 < ionophore 2b. In order to apply this supported liquid membrane using these monoaza macrocycles 1-3 for the active transport system, pH control should be needed. The source phase and the receiving phase were arranged to be basic using KOH and acidic using HCl, respectively. The presence of a lipophilic anion such as a picrate ion was essential for realizing an effective pH-controlled transport using monoazac- (mol/h). g) not detected. (1, 2a, 2b) rown ethers as the carrier in a bulk liquid membrane transport 13, 14 . N-Dodecyl-monoaza-18-crown-6 scarcely transported KCl by pH control in a bulk dichloromethane liquid membrane 17 . Ionophore 1 selectively transported K + under the pH-controlled conditions Run No. 4 though the K + selectivity was slightly decreased compared to the neutral conditions Run No. 1 . Ionophore 2b also selectively transported K + . Thus, the presence of a special lipophilic anion was found to be unnecessary under the pH-controlled conditions in this supported membrane transport. As a result, ionophore 1 was the most selective carrier for K + , however, ionophore 2b showed the highest transport velocity among these three ionophores. Izatt et al. reported that the maximum observed transport occurred for carriers having log Ks values MeOH for K + from 5.5 to 6.0 22 . The high complexation ability of monoazacryptand 1 positively works for the uptake of the cation from the source phase to the organic membrane but negatively works for the release of the cation to the receiving phase.
Chart 1 Structure of Ionophores
The lower transport velocity of ionophore 1 in comparison with that of ionophore 2b strongly suggests that there is an optimum range of stability constants for the carriers to attain a maximum transport velocity in this supported membrane transport system. The high complexing ability of the monoazacryptand structure was skillfully utilized when the source phase and the receiving phase were arranged to be neutral and acidic, respectively Run No. 5 Although the transport mechanism is complicated, the phenomena observed in Fig. 2 may be explained as follows Fig. 3 . At the neutral interface, ionophore 1 takes up K + rather than Na + or Li + as the metal salt.
The ionophore transports K + across the organic membrane to the acidic phase. At the acidic interface, the nitrogen atom of the ionophore is protonated to release the cation. The ammonium chloride of the ionophore is soluble in the organic membrane and moves to the neutral source phase across the membrane. At the neutral interface, the ionophore can exchange the proton with the metal cation without the assistance of neutralization by OH -in this case, because monoazacryptand 20.18.18 possesses very high complexation ability toward K + in comparison with monoaza-18-crown-6 23 . The exchange process of metal ion and proton at the source interface demands high complexing ability to the ionophore. This is the reason why ionophore 2b was poor carrier in this transport system. Although the source phase gradually became weakly acidic with the passage of time, ionophore 1 can exchange the proton with K + even after 48 h as shown in Fig. 2 .
CONCLUSION
In this work, three monoaza macrocycles containing a partially fl uorinated substituent were newly prepared and a supported liquid membrane transport system using these macrocycles as the carrier was examined. A proper choice of transport conditions was clearly shown to be important along with the structure of the ionophore for realizing an effective transport system. Monoazacryptand-type ionophore was found to selectively transport K + in the transport from the neutral source phase to the acidic receiving 
